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ABSTRACT
Background and aim Randomised trials indicate that
stroke unit care reduces morbidity and mortality after
stroke. Similar results have been seen in observational
studies but many have not corrected for selection bias or
independent predictors of outcome. We evaluated the
effect of stroke unit compared with general ward care on
outcomes after stroke in Scotland, adjusting for case mix
by incorporating the six simple variables (SSV) model,
also taking into account selection bias and stroke
subtype.
Methods We used routine data from National Scottish
datasets for acute stroke patients admitted between
2005 and 2011. Patients who died within 3 days of
admission were excluded from analysis. The main
outcome measures were survival and discharge home.
Multivariable logistic regression was used to estimate the
OR for survival, and adjustment was made for the effect
of the SSV model and for early mortality. Cox
proportional hazards model was used to estimate the
hazard of death within 365 days.
Results There were 41 692 index stroke events; 79%
were admitted to a stroke unit at some point during
their hospital stay and 21% were cared for in a general
ward. Using the SSV model, we obtained a receiver
operated curve of 0.82 (SE 0.002) for mortality at
6 months. The adjusted OR for survival at 7 days was
3.11 (95% CI 2.71 to 3.56) and at 1 year 1.43 (95% CI
1.34 to 1.54) while the adjusted OR for being
discharged home was 1.19 (95% CI 1.11 to 1.28) for
stroke unit care.
Conclusions In routine practice, stroke unit admission
is associated with a greater likelihood of discharge home
and with lower mortality up to 1 year, after correcting
for known independent predictors of outcome, and
excluding early non-modiﬁable mortality.
INTRODUCTION
Meta-analyses of randomised control trials indicate
that stroke unit care (deﬁned by the Stroke Unit
Trialists’ Collaboration as care of the patient in a
deﬁned area with specialist multidisciplinary staff-
ing) is effective in reducing death, dependency and
increasing likelihood of return to home in patients
with acute stroke.1 Stroke units are now recom-
mended as the minimum standard of care for all
patients admitted to hospital with a diagnosis of
stroke and in Scotland there are speciﬁc recommen-
dations that patients should be admitted to a stroke
unit and remain there until their inpatient stroke
speciﬁc care is complete.2 Stroke unit care has been
shown to be both clinically effective and cost effect-
ive, with the main gains in years of life saved.3
Data on the advantages of stroke unit admission in
the ‘real clinical setting’ are more limited but also
conﬁrm better long-term survival in various patient
subgroups.4–7
One of the difﬁculties in interpreting observa-
tional data relating stroke unit care to outcomes in
the non-trials situation is possible selection bias for
stroke unit admissions, especially as the proportion
of patients admitted to specialist care varies consid-
erably across Europe.8 Deaths occurring early after
admission are likely to be inﬂuenced by non-
modiﬁable factors such as stroke severity, age and
prestroke disability,9 and this might bias the likeli-
hood of admission to a stroke unit bed. For
example, if there is a delay in entry to a stroke
unit, those who die very early will not access stroke
unit care, and this may bias the stroke unit group
to those with better early outcomes.
Prediction models for long-term outcome after
stroke have been developed to adjust for important
case mix variables. These have used clinical features
alone or in combination with radiological-derived
variables.10–15 The six simple variables (SSV)
include age at admission, prestroke living arrange-
ment, prestroke independence, arm power at
admission, ability to walk at admission and normal
verbal component of the Glasgow Coma Scale at
admission. This model has been shown to perform
as well as or better than other simple predictive
systems for predicting the outcome of being alive
and independent at 6 months and 1 year after
stroke.10 The addition of CT-derived variables does
not add prognostic power to simple clinical vari-
ables.15 A systematic review of case mix adjustment
models for stroke identiﬁed that the SSV model
demonstrated statistical robustness, good discrimin-
atory function in external validation studies and
comprises variables that are clinically feasible to
collect at ward level by non-specialist staff.16 The
use of the SSV model in comparing outcome in
patients admitted or not admitted to stroke units
has not been previously investigated.
The Scottish Stroke Care Audit (SSCA) collects
information about stroke care in all hospitals man-
aging acute stroke in Scotland. Data collection
started in 2002 and has covered all hospitals in
Scotland since 2005. The Information Services
Division (ISD) of National Health Service (NHS)
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Scotland also collects routine data on hospital admissions, diag-
noses and mortality. These comprehensive datasets give the
opportunity to link admission to hospital with stroke to subse-
quent outcomes.
The aim of this study is to evaluate the effect of stroke unit
care compared with general ward care on outcomes (mortality,
discharge home) after stroke, taking into account case mix vari-
ation, selection bias and stroke subtype in a Scotland-wide
population.
METHODS
Data sources
We obtained data from ISD of NHS National Services Scotland
and the General Register Ofﬁce (GRO) for Scotland.
The SSCA covers 36 acute hospitals across Scotland that
admit patients with stroke, usually according to postcode.
Twenty-three hospitals had a designated stroke unit prior to
January 2005. Of the rest, seven opened a designated stroke
unit during 2005, three during 2009 and one new hospital
opened in 2011 replacing two hospitals which had stroke units
since 2005. Those who opened stroke units later were small dis-
trict general hospitals, and the numbers of patients affected is
relatively small (1002, 2.4% patients). Two small island boards
transferred most patients to another hospital stroke unit for
early management before transfer back to a stroke rehabilitation
bed. Information was obtained for all stroke patients admitted
between 1 January 2005 and 15 September 2011 at all of these
acute hospitals.
The GRO records information relating to all deaths, including
cause of death, in Scotland. The use of a unique patient identi-
ﬁer, the Community Health Index number, allows all records
from SSCA and the GRO death registry to be linked. Linkage
was carried out by ISD Scotland and then pseudo-anonymised
prior to release to our research group for data analysis.
Data variables
We included all index stroke events, deﬁned as stroke at ﬁnal
discharge diagnosis and occurring between 1 January 2005 and
15 September 2011. We classiﬁed patients as either survival/no
survival by 7, 30, 60, 90 and 365 days after hospital admission
or after stroke occurrence if already hospitalised. Length of stay
was deﬁned as the time from hospital admission or stroke occur-
rence if already hospitalised, until death or discharge from hos-
pital. Discharge destination in the dataset includes discharged
home or to usual place of residence, to another acute hospital,
care home, NHS continuing care, an over-riding diagnosis,
death, rehabilitation and other.
We investigated the beneﬁts of stroke unit care and how it
affects outcomes and the impact of short-term and long-term
survival of patients at 7, 30, 60, 90 and 365 days following
admission. The main outcome measure was survival and the sec-
ondary outcome was discharge to home/usual place of
residence.
Controlling for bias
Patients who died on the day of admission to hospital and those
who were discharged on day of admission were removed from
the dataset prior to initial demographic analysis, as it is unlikely
that the type of ward care they received would impact on the
measured outcomes.
Early deaths after stroke may be non-modiﬁable,9 and may
result in the patient dying before accessing a stroke unit bed or
being deemed too ill to beneﬁt from a stroke unit environment.
To reduce this potential source of bias, patients who died less
than and including 3 days postadmission were then removed
from the dataset before models were ﬁtted.
Statistical methods
We performed data management and statistical analyses using
SPSS V.20 and SAS V.9.2. Data are shown using standard
descriptive statistics. Baseline patient characteristics in the differ-
ent care groups were compared using χ2 test for categorical and
ANOVA for continuous variables.
The SSV model was validated for mortality on the dataset by
logistic regression analysis using backward selection methods
and calculating the area under a receiver operating characteristic
(ROC) curve of sensitivity versus 1 minus speciﬁcity. An area of
1 implies a test with perfect sensitivity and speciﬁcity, while an
area of 0.5 implies that the model’s predictions are no better
than chance.
We used logistic regression to estimate the OR for survival at
7, 30, 60, 90 and 365 days postadmission. Multivariable logistic
regression models were ﬁtted to the data set to adjust the effect
of stroke unit care for the SSV (age in years at time of admis-
sion, living alone, independent in activities of daily living, able
to lift both arms at ﬁrst assessment, able to talk, able to walk).
Age was a continuous variable, while the others were categor-
ical. Other predictor variables signiﬁcant on univariate analysis
were also investigated, including sex, social deprivation (based
on postcode17), presence of atrial ﬁbrillation and type of stroke
(ischaemic vs haemorrhagic). Interaction terms were also consid-
ered among sex, type of stroke (ischaemic vs haemorrhagic) and
the SSV. Logistic regression for the outcome of survival at
365 days post admission for stroke was also analysed according
to the delay in admission to a stroke unit following hospital
admission. Adjustment for the SSV and type of stroke was
carried out.
We used Cox proportional hazards model to estimate the
hazard of death within 365 days of admission, adjusting for the
SSV, plotting Kaplan–Meier curves, performing a log rank test
and calculating hazard ratios (HRs). The outcome of discharged
to home was also investigated using logistic regression adjusting
for the effects of the SSV and type of stroke to estimate the
effect of stroke unit care.
RESULTS
There were 41 692 index stroke events recorded in Scotland
between 1 January 2005 and 15 September 2011, after exclud-
ing those who died (n=633) or were discharged (n=1227) the
same day.
A total of 33 074 (79%) stayed in a stroke unit at some point
during their hospital stay and 8618 (21%) were cared for in a
general ward. Of those admitted to a stroke unit, 23 582
(71.3%) were admitted either on the day of admission (day 0)
or within 1 day (day 1) following their arrival in hospital or
after stroke occurring in hospital.
Baseline characteristics for patients treated in stroke units and
general wards are shown in table 1.
There were no differences in the percentage of men admitted
to a stroke unit versus general unit. A higher percentage of
patients with a high deprivation score accessed stroke unit care
compared with general ward care. There was no difference in
the percentages accessing stroke unit versus general ward for
those with a low deprivation score. For the SSV, fewer patients
admitted to stroke unit care were able to lift both their arms or
walk, but they were more likely to have been previously inde-
pendent. In all, 88% of patients admitted to hospital had a
Cerebrovascular disease
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diagnosis of ischaemic stroke, and 12% had a conﬁrmed haem-
orrhagic stroke (table 2).
The numbers and percentages of patients who survived after
7, 30, 60, 90 and 365 days following admission for stroke are
shown in table 3. Patients were more likely to have survived at
all time points if they had been admitted to a stroke unit.
Table 3 also shows the adjusted ORs for the outcome of survival
at ﬁve different time points according to stroke unit care versus
general ward care.
All variables were signiﬁcant for the outcome of survival at
6 months, apart from living alone. A ROC of 0.82 (SE 0.002)
for mortality at 6 months was calculated (seen in the graph in
online supplementary web appendix). The adjusted OR for
survival at 7 days post admission for stroke unit care was 3.11
(95% CI 2.71 to 3.56). By 1 year following admission, this
decreased to 1.43 (95% CI 1.34 to 1.54).
In the logistic regression analyses, the addition of other sig-
niﬁcant predictor variables, sex, social deprivation, year of
admission, presence of atrial ﬁbrillation and type of stroke did
not signiﬁcantly alter the ORs seen with only the SSV variables.
The effect of adding in stroke type on the OR of survival is
shown in table 4.
We also investigated interaction terms. A signiﬁcant inter-
action existed between being independent and living alone pre-
admission for survival at 30, 60, 90 and 365 days. The OR for
survival at 365 days for those admitted to a stroke unit was 1.42
(95% CI 1.32 to 1.52) after adjustment for the interaction term
between being independent and living alone preadmission.
The adjusted OR for being discharged home/usual place of
residence at 6 months for those admitted to stroke unit care was
1.19 (95% CI 1.11 to 1.28).
The Kaplan–Meier curves (ﬁgure 1) show that for survival to
365 days post admission after adjustment for SSV and type of
stroke, stroke unit care has a higher survival distribution com-
pared with general ward care.
The ORs of survival at 365 days following admission accord-
ing to time to stroke unit admission are shown in table 5.
Following adjustment, the OR of survival is less for those
admitted to a stroke unit after days 0–1 following hospital
admission.
DISCUSSION
Based on evidence from randomised trials, the value of stroke
unit admission is now accepted and reﬂected in many national
and international guidelines. However, there remain concerns
about how well stroke unit care is implemented in routine prac-
tice.18 This observational study of practice within a whole
country found a signiﬁcant increase in the odds of survival up to
1 year after admission and of discharge to home/usual place of
residence for patients admitted to a stroke unit compared with
those cared for in a general ward. Previous observational studies
have mainly focused on short-term to mid-term outcomes with
only a few investigating death up to 1 year or beyond.5–7 18–21
Data from registries conﬁrming the beneﬁts of stroke unit care
have not necessarily corrected for potential selection bias or
known independent predictors of outcome, and some predate
comprehensive secondary prevention guidelines.21 The Austrian
Table 2 Baseline characteristics of patients according to type of stroke and type of care
Variable
Ischaemic (n=36 873/%=88.4) Haemorrhagic (n=4819/%=11.6)
Stroke unit
(n=29 478)
General ward
(n=7395)
Stroke unit
(n=3596)
General ward
(n=1223)
Age, years (mean/median) 73.3/75.4 73.5/75.7 73.8/76.1 74.1/76.6
Male gender (%) 14 216 (48.2) 3634 (49.1) 1742 (48.4) 546 (44.6)
Living alone (%) 10 601 (36.0) 2645 (35.8) 1276 (35.5) 421 (34.4)
Current atrial fibrillation at admission (%) 6745 (22.9) 1399 (18.9) 581 (16.2) 180 (14.7)
Independent preadmission (%) 22 977 (77.9) 5708 (77.2) 2759 (76.7) 890 (72.8)
Lift both arms (%) 17 741 (60.2) 4908 (66.4) 1533 (42.6) 409 (33.4)
Can walk (%) 10 524 (35.7) 3663 (49.5) 833 (23.2) 261 (21.3)
Orientated (%) 17 561 (59.6) 4641 (62.8) 1577 (43.9) 362 (29.6)
Can talk (%) 21 224 (72.0) 5554 (75.1) 2166 (60.2) 517 (42.3)
Most deprived (%) 7167 (24.3) 1271 (17.2) 725 (20.2) 166 (13.6)
Least deprived (%) 3891 (13.2) 971 (13.1) 602 (16.7) 176 (14.4)
Length of stay, days (mean/median) 32.2/14.0 15.7/6.0 42.7/23.0 13.8/5.0
Of those admitted to stroke unit, admitted within 0–1 days post
admission (%)
21 137 (71.7) 2445 (68.0)
Table 1 Baseline characteristics of patients according to type of
care
Variable
General ward
(n=8618)
Stroke unit
(n=33 074) p value
Age, years (mean/median) 73.6/75.8 73.3/75.5 0.11
Male gender (%) 4180 (48.5) 15 958 (48.2) 0.67
Living alone (%) 3066 (35.6) 11 877 (35.9) 0.57
Current atrial fibrillation at
admission (%)
1579 (18.3) 7326 (22.2) <0.0001
Independent preadmission (%) 6598 (76.6) 25 736 (77.8) 0.01
Lift both arms (%) 5317 (61.7) 19 274 (58.3) <0.001
Can walk (%) 3924 (45.5) 11 357 (34.3) <0.0001
Orientated (%) 5003 (58.1) 19 138 (57.9) 0.75
Can talk (%) 6071 (70.4) 23 390 (70.7) 0.62
Most deprived (%) 1437 (16.7) 7892 (23.9) <0.0001
Least deprived (%) 1147 (13.3) 4493 (13.6) 0.51
Length of stay, days
(mean/median)
15.5/6 33.3/15 <0.0001
Admitted to stroke unit
0–1 days postadmission (%)
– 23 582 (71.3) –
Ischaemic stroke (%) 7395 (85.8) 29 478 (89.1) <0.0001
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and Berlin stroke registries conﬁrm that age is the strongest pre-
dictor of outcome after stroke admission.9 22 We have shown that
even after removing patients with early mortality from the data
and correcting for known predictors of outcome, stroke unit care
remains associated with improved outcome after admission with
a stroke. While not directly measuring the impact of dementia or
other comorbidities which might bias stroke unit admission, the
SSV does take into account prior independence and whether the
patient was living alone.
In acute stroke patients, up to 70% of early death and poor
outcome is attributable to non-modiﬁable factors, including age,
stroke severity and prestroke disability.9 These parameters are
reﬂected in the SSV model, but are also likely to cause selection
bias for admission to stroke unit beds. In an attempt to further
correct for these non-modiﬁable predictors of outcome which
might also have inﬂuenced stroke unit admission, we removed
from the analyses all patients who died within 3 days of admis-
sion. The beneﬁt of accessing a stroke unit was still present. The
factors which inﬂuence mortality and outcome after the ﬁrst
few days of admission, such as DVT, aspiration pneumonia and
cardiac complications, are amenable to prevention and treat-
ment, and thus more likely to be inﬂuenced by specialist stroke
unit care. For patients who are unable to access stroke unit care,
the NHS in Scotland provides guidelines for standards of care
in acute general medical wards.23 The main differences from
stroke units are in education and training: nurses in stroke units
are required to undertake stroke speciﬁc education, for example,
on swallow screening and physiological monitoring. In all, 23 of
36 hospitals had an established acute stroke unit before 2005,
an additional seven opened a unit during 2005 and all had a
functioning stroke unit by 2010. Those who opened stroke
units later were small district general hospitals, and the numbers
of patients affected are relatively small.
Some hospitals may be more selective for stroke unit admis-
sions than others, taking into account additional comorbidities
at admission. This could introduce further bias on outcomes.
Admission to a stroke unit is also dependent upon the availabil-
ity of a bed at the time of a patient’s admission. Age affected
likelihood of stroke unit admission, possibly reﬂecting the
poorer health of older patients. Differences in outcomes could
therefore also be dependent on some unmeasured variables.
Deprivation did not appear to adversely affect admissions: this
might reﬂect the location of stroke units in areas with larger
relatively deprived populations such as the central belt of
Scotland. This is different from Canadian data which suggested
patients from lower socio-economic classes were less likely to be
admitted to a stroke unit.22
American,24 European25 and UK guidelines26 recommend
immediate or early stroke unit care. Survival to 1 year showed a
signiﬁcant beneﬁt from early admission, unadjusted and adjusted
for the SSV, perhaps due to better management of modiﬁable
risk factors. Although the scale of beneﬁt falls with time after
the index event, probably due to recurrent events and the pro-
gression of comorbidities, survival to 1 year better reﬂects the
‘effect’ of stroke unit care and the beneﬁt of early admission.
We found the SSV model to be simple to use and relatively
easy to collect the required variables in a large population.27 A
recent systematic review of case mix adjustment models for
stroke conﬁrms its external validity.16 Not surprisingly, living
Table 5 OR of survival at 365 days after admission by timing of
stroke unit admission (adjusted for case mix using SSV and type of
stroke)
Admission to stroke unit (time in days)
Survival at 365 days
OR (95% CI)
0–1 1
2 0.89 (0.80 to 0.99)
3 0.88 (0.76 to 1.01)
≥4 0.78 (0.71 to 0.86)
SSV, six simple variables.
Figure 1 Survival curve according to admission to general ward or
stroke unit.
Table 4 ORs for outcome of survival post admission (cumulative)
according to type of care (adjusted for SSV and type of stroke)
Survival post admission
(days)
Adjusted OR for stay in stroke
unit* 95% CI
7 3.03 2.64 to 3.48
30 2.20 2.01 to 2.40
60 1.92 1.77 to 2.09
90 1.75 1.62 to 1.89
365 1.43 1.33 to 1.53
*Adjusted for age in years, living alone, independent in activities of daily living, able
to lift both arms, able to walk, able to talk at admission and type of stroke
(ischaemic vs haemorrhagic).
SSV, six simple variables.
Table 3 Numbers of patients and adjusted (for SSV) ORs for
outcome of survival post admission (cumulative) according to type
of care
Survival post
admission
(days)
General
ward
n=7816
(%)
Stroke unit
n=32 459
(%)
Adjusted OR
for stay in
stroke unit* 95% CI
7 7364 (94.2) 31 635 (97.5) 3.11 2.71 to 3.56
30 6621 (84.7) 29 258 (90.4) 2.22 2.03 to 2.43
60 6319 (80.9) 28 004 (86.3) 1.94 1.79 to 2.10
90 6166 (78.9) 27 202 (83.8) 1.76 1.63 to 1.90
365 5535 (70.8) 24 137 (74.4) 1.43 1.34 to 1.54
*Adjusted for age in years, living alone, independent in activities of daily living, able
to lift both arms, able to walk and able to talk at admission.
SSV, six simple variables.
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alone is not predictive of death, and in some studies does not
predict independent survival.27 In this study, living alone did
not predict survival at 6 months or discharge home, although
this variable was originally incorporated in the model to predict
whether someone would be alive and living at home at
6 months and 1 year. We calculated a ROC of 0.82 (SE 0.002)
for mortality at 6 months compared with a ROC of 0.85
(SE 0.01) in the original SSV study.10 The other model
variables provided good predictive value. We conﬁrm that the
ﬁve simple variables are robust in a large routinely collected
dataset.
The main strengths of our study are its size (n=41 692), rep-
resentation of a whole country, capture of case mix adjustors
and potential to control for admission bias. The main limitation
of this study was that we could only assess the impact of predic-
tors which were measured. Patients who died shortly after
admission might have been missed from the audit. No data were
available on cognitive decline (likely to be important for stroke
unit admission), other than the surrogate measure of orientated
at time of admission.
Within Scotland, there are some variations in the levels of
social care available in the community, but these apply to
patients both in stroke and general wards. In other healthcare
settings, local health and social services support may vary
and thus the proportion of patients discharged home may
be different, but stroke unit care will be relatively
independent of these factors. Thus, we believe our results are
generalisable.
In summary, stroke unit admission is associated with lower
mortality and increases the likelihood of discharge home, even
when data are corrected for known independent predictors of
outcome, and when early non-modiﬁable mortality is taken into
account. There was beneﬁt of earlier stroke unit admission up
to 1 year after stroke.
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